Introduction
If one is to diagnose, explain, and treat successfully two of the most common ailments of early infancy, which for time out of mind have intrigued and puzzled the profession-pylorospasm and enteric colic-it is imperative to hold fast to two concepts.
(1) That both conditions are affections of the mechanical part of digestion.
(2) a. That some babies have congenital small capacity of the stomach. b. That some have congenital small capacity of the intestines. c. Still others have congenital small capacity of both. According to L. Emmett Holt, 6 the capacity of the stomach in full-term babies is:
At birth 1 t-o 2 oz.
Averag,e: 1 X2 oz.
At one month 3 to 5 oz. Average: 4 oz. At five months 5 to 7 oz.
Average: 6 oz.
The writer wishes to express his appreciation for the interest and encouragement slhown by Dr. Donald H. Barron and other members of the Department of Physiology, Yale University School of Medicine.
The body weight doubles in five months, while the stomach capacity quadruples. A largely increased capacity is presumably true of the intestines.
Note that the average capacity of the stomach at one month is 2.66+ times that at birth. Note also that the capacity at five months is only four times that at birth. Thus, the importance of diagnosing and treating correctly the digestive ailments of thie first month caninot be over-emphasized. Best and Taylor intheir Physiological Basis of Medical Practice2 say that in gastric digestion the mechanical factor is greater than is the chemical. Walter C. Alvarez in An Introduction to GastroEnterology' states that most of the symptoms of indigestion appear to arise in disturbances of the motor functions of the digestive tract.
Let us define more exactly the terms, "pylorospasm" and "colic." Pylorospasm is misleading, because more than malfunction of the pylorus is included in the syndrome. Pylorospasm occurs when a stomach of small capacity receives a volume relatively too large for it, which increases the intragastric pressure. If the intragastric pressure rises too high because of this too large volume, an extragastric nerve mechanism is evoked, which concomitantly contracts the diaphragm and abdominal recti muscles, produces major gastric contractions, and opens the esophageal sphincter, thus emptying the stomach by projectile vomiting, sometimes even to a distance of two or three feet! The strong muscles of the pylorus, participating in the contractions of the stomach, tightly close -the pyloric canal, causing a complete temporary obstruction and a resultant retro-peristalsis with vomiting.
When an optimal volume is introduced into the stomach, the stomach acts autonomously and passes the chyme on into the small intestine below the threshold of consciousness.
Colic, in general, assumes the presence of a hollow muscular viscus which is itrying to rid itself of a foreign body. Why not, then, say "gastric colic" instead of "pylorospasm"?
Thus it may be inferred that enteric colic occurs when too great a volume is introduced into the small intestine. Then the intestine ceases to function smoothly and below the threshold of consciousness. An extra-enteric mechanism is evoked, similar to the extragastric mechanism which causes projectile vomiting. Sharp contractions of the intestine occur, causing discomfort in the mildest cases and severe pain in the worst. This happens in the effort of the small intestine to rid itself of its contents. Both gastric and enteric colic cease in time, as the stomach and intestines increase in capacity. Certain cases of diarrhea in very early infancy may be comparable to the projectile vomiting of an over-loaded stomach.
The stomach begins the fragmentation of the food and passes it on to the small intestine. The small intestine continues the fragmentation and digestion and is the chief agent in the chemical aspect of digestion, but it is also an important part of the motor mechanism. The stomach may be regarded as a reservoir. Each stomach has a capacity of its own; hence, the volume of food poured into the stomach should be regulated in amount and quality so that the autonomous action will mix and pass along the chyme smoothly and below the threshold of consciousness.
Of course we cannot change the capacities of the stomach and intestines, but we can control the volume and quality of the food put into them. This can be done by increasing the number of feedings at shorter intervals, decreasing their size, and, if necessary, increasing the food value per cubic inch. Nature does, however, within the first five months of life quadruple the capacity of the stomach. It is reasonable to assume that the capacity of the small intestine also quadruples, since it has to, and does, receive the chyme which the stomach delivers. Indeed, the fact that attacks of enteric colic usually cease within five months argues that the capacity of the intestine increases enough so that the autonomous intestine can funcion below the threshold of consciousness.
There may be, then, a stomach of small capacity with an intestine of relatively large capacity; or, a stomach of large capacity with an intestine of relatively small capacity; or, both a stomach and an intestine with capacities inadequate for the optimal volume of needed food.
These three postulated types are relieved by the same treatment. When the gastnc capacity is small and the content-volume too large, regurgitation and projectile vomiting may result. The food in the stomach is further augmented in volume by the saliva, swallowed air, and gastric secretions, thus accounting for some cases of delayed projectile vomiting between feedings.
When there is an intestine of small capacity and a stomach of normal capacity, the chyme plus the air, intestinal fluids, bile, and pancreatic juice (minus the amount of absorption that may have occurred) in all probability cause colic in the effort to force forward the volume of contents. This effort is helped by an extra-intestinal mechanism (corresponding to the extragastric mechanism) which causes violent contractions of the intestine, diaphragm, and abdominal recti, which in turn increase the intraperitoneal pressure, helping to force the contents forward.
When the capacity is small in both stomach and small intestine there may be gastric colic with projectile vomiting in the early stages of digestion, followed later in the day by enteric colic. Brennemann4 emphasizes that colic in many cases comes on at about five o'dock in the afternoon, lasting a varying length of time.
When the chyme is delivered into the large intestine, the volume in the small intestine is necessarily decreased and the colic ceases.
Observations
In my experience it has been easier to stop projectile vomiting than colic, especially in the early stages. There are many more cases of colic alone plus cases of colic complicated with projectile vomiting than there are of projectile vomiting alone.
The preponderance of colic over projectile vomiting is shown by the following series of cases, all but four of which have been diagnosed and treated at home. Case histories Note that the three types of motor abnormalities-pylorospasm, enteric colic, and a combination of -both-are alleviated by a reduction of volume per feeding.
In the following cases the babies had previously been treated by others according to accepted practice.
Case 67. Twenty-five days old. Small capacity of stomach. Projectile vomiting. 
Diagnosis
The earlier the diagnosis is made the better, especially in cases of small gastric capacity before "work hypertrophy," pylorospasm, and edema of the mucous membrane of the stomach may add a further decrease in the caliber of the pyloric inlet to an already existing pyloric stenosis.
Undoubtedly there are extreme cases which before birth are doomed to early death or operation. But if cases which ultimately have to be operated on have a history of pylorospasm during the first month it is possible that had they been properly treated from the first week, they would have developed normally and would have been spared the risk of an operation as well as the deficiencies caused by the vomiting. In my own experience it has been necessary to operate only once.
Case 30. Four days old. Regurgitation and colic. While in the hospital the baby had been given 3 oz. feedings every four hours. When put on 1 7/10 oz. feedings every two hours, both regurgitation and colic ceased. The mother's comment-"Much more happy." Small feedings were required for a monfth. Note that regurgitation did not develop into projectile vomiting.
Case 25. Eight days old. Vomiting, colic, and diarrhea. In the hospital the baby had received 4 oz. feedings every four hours.
When put on 1 3/5 oz. feedings every two hours the troubles ceased. Development was normal.
Case 29. Five months old when first seen. She had had regurgitation the first two weeks of life, followed by projectile vomiting up to that time.
The baby had sore gums, possibly scorbutic, and anemia, these deficiencies resulting from late diagnosis. She had had 5 /2 oz. feedings every four hours. Was put on 2X2 oz. concentrated feedings every two hours. There was an immediate cessation of vomiting. At three years she is well developed, and likes lunches between meals.
The diagnosis of colic may be indicated by the sharp cry, occurring more often and more violently in the evening, though sometimes throughout the day. Sleep is disturbed. The knees are flexed on the abdomen and the abdominal musdes are contracted. Mothers say that "the stomach gets hard."
The cry of colic is often confused with the hunger cry, and, indeed, they may co-exist; sometimes also it is confused with the angry commanding cry. In both colic and hunger the baby may stick his fists into his mouth. Indeed, the hardest thing to overcome is the conviction of the family that the child is hungry. The family, often surreptiously, increases the size of the feedings. May it not be that the best proof of the prior existence of colic (rather than hunger) is that, after small concentrated feedings, the baby grows and is happy?
If the baby can be sent to a hospital for a few days, the doctor will be given the chance to have the baby treated according to his directions and the youngster will be convinced that no matter how hard he yells he won't get attention.
As in "small capacity of the stomach," make the diagnosis of "small capacity of the intestine" early. Do not put the baby back on longer intervals until the intestine has grown in capacity.
Do not the following cases prove (1) That pylorospasm is an entity which in certain babies may be stopped or evoked at will? In each of these cases the mother, using the same formula, on her own iniitiative increased the size of the feedings and decreased their freon ency. Trouble recurred, but it was stopped by returning to smaller feedings, given more frequently. It may be inferred that these cases prove that babies suffering from projectile vomiting or colic have a stomach or intestines of small capacity.
Treament of babies with stomach and intestines of small capacity It seems to be the accepted practice in most hospitals and among most physicians to put every baby on a four-hour schedule, and to give to the mother, who is often young and inexperienced, the same stereotyped directions.
Some week-old babies can handle four-hour feedings, some threehour, and not infrequently only two-hour intervals should elapse. Ideally, the diagnosis should have been made before the babies are turned over to their mothers.
A baby with a stomach of small capacity will have regurgitation or projectile vomiting if fed the customary volume at the usual fourhour interval.
In order to have the baby get the required number of calories in the twenty-four hours one should feed concentrated foods in small amount per feeding and shorten the intervals, with naturally, an increased number of feedings. Any necessary water may be given between feedings.
It is most desirable to make an early diagnosis between pylorospasm and pyloric stenosis with tumor. Also, when the child is older, he may have developed anemia, scurvy, or other deficiency diseases.
Under the generally accepted treatment many cases have not been cured because, while numerous formulas have been tried, all were of a volume too large for the small capacity stomach or intestine.
Case 38. Five months old. He had been on five formulas, all at fourhour intervals. The parents had been advised to send him to a hospital for x-rays, for a decision as to a possible pyloric stenosis. He had also been given a series of medicines.
When the volume was reduced from 5 oz. feedings every four hours to 2 4/5 oz. every two hours, vomiting and crying stopped. When the baby slept peacefully the first night of this treatment, the father got up twice, thinking the baby must be dead! The baby gained fifteen ounces in the first week.
Generally, atropin and small doses of luminal are advisable; but I am convinced that the snmall concentrated feedings are the chief factor in recovery.
Successful treatment depends upon the co-operation of the whole family-father, mother, and grandparents-all of whom often confuse a colicky cry with the cry of hunger.
Raw milk and 'even boiled milk may not agree with the patient. It is well to start treatment with an evaporated milk or dried milk, especially if there is a tendency to allergy in the family. (It is possible that a baby with small gastric or enteric capacity may also have a milk allergy affecting the digestive tract.) "Barium swallows"7 in the early days of life might show a normal pyloric canal at first, with a pyloric canal gradually closing, presumably due to the labor of the pyloric muscle and a congestion of the mucosa at the opening of the pyloric sphincter. It is well to try small concentrated feedings for a short time, but if the baby begins to lose weight, especially if the pylorus can be palpated, a surgeon should be called.
When it becomes desirable to change to a three-hour interval from a two-hour, do it gradually. Begin with one three-hour interval in the afternoon, decreasing the number of feedings gradually.
Breast feeding in babies with either stomach or intestines of small capacity If the breast-fed baby has no difficulty on a four-hour schedule, no change is indicated. If, however, he is like Shakespeare's infant "mewling and puking in the nurse's arms," then the mother's supply of milk and the baby's mechanical digestive apparatus should be determined by weighing before and after nursing.
Remember to record which breast is used, since they differ in quantity and in the speed of milk supply, and whether in the morning or afternoon.
When the milk supply begins to become inadequate, the afternoon yield lessens before that of the morning, and when necessary, supplementary feeding should be begun in the afternoon.
Of course a close watch should be kept on the baby's weight.
Most cases of projectile vomiting and colic will yield to a two-hour schedule, five minutes a feeding, ten feedings a day. Frequently, the two-hour schedule can be discontinued after a few weeks. Begin the change gradually, at first continuing the twohour schedule in the morning and diminishing the number of afternoon nursings.
My experience indicates that the quality of the mother's milk is less frequently at fault than the quantity. Many babies are weaned unnecessarily because of too copious nursings. Especially is this true when a baby is on a four-hour schedule. Being ravenously hungry he over-ieats and promptly spills over or has colic. Mother and doctor say, "The milk doesn't agree with him." Case 13. Six weeks old. The baby had been breast-fed at four-hour intervals. When put on five-minute nursings every two (2) Some babies have congenital small capacity of the stomach. Others have congenital small capacity of the intestines. Still others have congenital small capacity of both.
Psychological aspects
In many cases which persist for a long time the most permanent and serious results come in the psychological field. H. S. Lipman8 writes, "Many of the emotional difficulties of the pre-school and school child may be traced to the period of an early restless infancy." The baby finds out that he gets attention by making himself disagreeable. He loses, however, his welcome in the family circle. In fact, in some cases there arises almost a rejection by the parents. Shakespeare evidently bitterly resented the "mewling and puking," which, I imagine, occurred in his own family.
The early cure of pylorospasm is important in order to prevent partial starvation during the most active development of the nervous system. The early cure of colic is important in order to prevent the wear and tear on the parents caused by the excessive crying (to say nothing of the baby's suffering! ). Often the crying is resented by the parents. They love the baby, but as one mother said, they "'wouldn't give a dollar for another." Another mother said that they had no more children because of their unhappy experience with the first.
Conclusions
By considering the digestive difficulties of early infancy from the physiological and mechanical standpoints, several problems have been solved.
There are such entities as pylorospasm and enteric colic. Treatment based on due regard for these facts is successful. Pylorospasm and enteric colic are abnormalities of the motor mechanism of the digestive tract; pylorospasm, an abnormality of the stomach; enteric colic, of the small intestine. They both can be stopped by reducing the volume of food. Both can be evoked by increasing the volume of food.
